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•Hospital effluents can be discharged to municipal wastewater treatment 
plants /MWWTP) without previous treatment; 
•Enterococci are indicators of faecal contamination and recognized 
harbours of clinically relevant resistance phenotypes; 
The major objectives in this study were: 
•Assess if hospital effluents may be a source of ciprofloxacin and 
vancomycin resistant enterococci; 
• Compare the enterococci loads and respective resistance rates in the 
untreated hospital effluent and in the raw inflow of the receiving municipal 
wastewater treatment plant (MWWTP); 
• Characterize the most relevant enterococci species and antibiotic 
resistance patterns observed in hospital effluents and in municipal 
wastewater. 
-Isolation on mEnterococcus agar and on 
mEnterococcus agar supplemented with 
vancomycin or ciprofloxacin  
 
-CFU/mL and percentage of resistance  
 
-16S rRNA gene sequence analysis 
 
-Antibiotic resistance phenotypes - disk diffusion 
method 















Figure 4 – Multiresistance  (isolates harboring resistance to three or more 
classes of antibiotics) distribution. 
•Strong temporal variations of cultivable counts, mainly in the untreated 
hospital effluent; 
 
• Enterococci counts, including the ciprofloxacin and vancomycin resistant, 




• The mean percentage of antibiotic resistant enterococci was at least 
three times higher in the hospital effluent than in the raw inflow; 
• The prevalence of resistance in the raw and treated wastewater was not 
significantly different; 




•The vanA gene was found in samples from the three types of water 
analysed, in 40% of the total isolates. 
Water samples:  
Hospital – MWWTP (raw & treated) 
Comparison of: 
Cultivable counts 
Antibiotic resistance prevalence 
Species diversity 
Figure 1 – Colony forming units of total and resistant enterococci in hospital 







CIP RES ENT VAN RES ENT 
Hospital Effluent MWWTP Raw Inflow MWWTP Effluent 
p < 0.05 
p < 0.05 
p > 0.05 
p > 0.05 
Figure 2 – Percentage of bacteria able to grow in antibiotic-
supplemented media in the hospital effluent and MWWTP raw and 
treated wastewater. 







Total Enterococci CIP RES Ent VAN RES Ent 
Enterococci counts 












(>99 % 16S rRNA 
sequence similarity) (n)  








 E. faecalis  
1 S R R R I R S 
1 S R R R R R n/d 
1 S R R I R R S 
1 S R R I R R n/d 
1 S R R R R R I 
3 S R R R R R R 
1 S S R R R R R 
2 S R R R R S R 
1 S R S R R S R 
1 S I S S R S R 
2 S R S I I S R 
1 S R S S I S S 
2 S I S I I S S 
1 S S S I I S S 
1 S R S R R S R 
1 S R R R R R R 
1 R R R R R R S 
1 S R R I R R R 
 Others  2 R S S R R R S 












 E. faecalis  
2 S R S I I S S 
1 S R S I I R S 
1 S R R I R S R 
3 S n/d R R R S R 
1 S R S R R S R 
1 S I S I I S S 
1 S R R R R R R 
 E. faecium  
1 S R S R I S R 
1 S R R R R R R 
1 R R I R R S S 
 Others  
1 S S R R R R R 
1 S S S S S S R 
1 S S S S S S S 













  E. faecalis   
1 S S R R R R S 
3 S R S R R S R 
1 S R S S I S R 
 E. faecium   1 R R I R R R S 
 Others  
1 S R S S S S S 
1 R S R R R R S 
1 S n/d S S R S R 
2 S R S S  R S S 
